Abstract: Land tenure arrangements in Africa are generally skewed in favour of males. Compared to males, female plot owners face complex sets of constraints and systemic high tenure insecurity which culminate in low yields. In order to obtain better returns, some females rent their plots to males, but risk losing the plots to their tenants. A model has been constructed to explain rentingout decisions of female small landholders, an issue largely ignored in the agricultural economics literature. The results, based on a survey of female landholders in Ethiopia, highlight the factors that explain renting-out decisions.
1

Introduction
Small-holder farmers in Sub-Saharan Africa use rudimentary farming techniques and largely depend on rainfall. As a result, crop yields are persistently low and uncertain. In addition, several empirical studies assessing land productivity in Africa have shown acute and significant differences between male-and female-owned/managed farms, with productivity of female cultivated farms being consistently lower. For example, in a study of the impact of tenure insecurity on land productivity in Eritrea, Tikabo and Holden (2003) found that plots owned by female-headed households have lower productivity. Also, Udry (1996) found from a study in Burkina Faso that plots controlled by women were farmed much less intensively than similar plots controlled by their male counterparts within the same households. Similarly, studies from different parts of Ethiopia show the same patterns of lower land productivity of female landowners (e.g. Holden and Bezabih 2008; Holden et al. 2001 ).
These differences in land productivity stem from existing norms that inhibit effective utilization of farm inputs by female landholders. As emphasized by Razavi (2007) , women's effective access to land and its contribution to decent livelihoods are subject to a complex set of ambiguities and difficulties. For example, a taboo exists in Ethiopia against women ploughing with oxen, and some essential agricultural activities are reserved for men (Gebreselassie 2005) . This is notwithstanding the fact that women contribute half (in some cases more than half) of the labour required for agricultural production in Africa (see e.g. Frank 1999; Kevane and Gray 1999) . In addition, it has been found that countries in the Horn of Africa, including Ethiopia, are highly vulnerable to global environmental change and extreme events such as droughts have led to severe farming crises within the last century (Aklilu and Alebachew 2008) . Female-headed households are particularly vulnerable to drought-induced famines.
In order to obtain higher net benefits from cultivating their plots, some female landholders in SubSaharan Africa rent out their plots to their male counterparts for more efficient use. However, socio-cultural and institutional constraints engender the risk of losing plots to male tenants. It has been found that due to the risk of losing plots, female landholders limit their participation in land lease markets.
1 Bellemare (2008) has argued that when choosing terms of contract, landholders consider the impact of their choice on the probability of retaining future rights to the rented land.
In this paper, a simple model of a female small landholder has been constructed to explain rentingout decisions. The model compares the benefit from cultivating a plot by the female to the expected benefit from renting it out to a male counterpart. In addition, the conditions under which each option is better than the other have been derived. The theoretical results show that tenure security, high probability of reclaiming a plot if the male tenant attempts to take it, risk aversion, variability of returns due to, say, climate variability, and the rate of time preference are positively related to renting-out decisions. On the other hand, high yield or productivity of a plot lowers the chances of renting it out. These findings are illustrated with data from the Amhara region of Ethiopia where the practice is prevalent. In Ethiopia, historically, only adult males have been entitled to land ownership (except within family inheritances) (Crummy 2000) . For married women, gaining access to land is generally linked to marriage, and the rights to plots may be coupled with obligations and other restrictions on use (see e.g. Derman et al. 2007; Dey 1981; Goheen 1988; Okali 1983; Yngstrom 2002) . 1 Holden et al. (2009) show how more secure land ownership increased female participation in the land lease market.
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The remainder of the paper is structured as follows. Section 2 traces the history of the land tenure system in Ethiopia. Sections 3 and 4 contain the static and inter-temporal decision model of the female landholder, respectively. Section 5 presents the empirical model and the data, and Section 6 presents and discusses the empirical results. The conclusions are presented in Section 6.
Background to the land tenure system in Ethiopia
The pre-1975 land tenure system in Ethiopia has been vested in either the rist system, the gult system (private land holding), or the church ). The rist system, a communal land tenure system, in which the right to land was not exclusive but shared, implied that individuals had usufruct rights to land in a given community on the condition that claimants could establish a direct line of descent from the recognized original holder of the land. Distribution of land within the rist system was based on the principle of equality, with the land allocated by lottery after being divided into parcels according to quality, making it fairly egalitarian Kebede 2008 ).
The individual's rights to land under this system were not transferable to others through sale or mortgage, although there was room for temporary lease (Hagos et al. 1999) . While the rist system was dominant in the northern half of the country, including Gojam, Tigrai, then Begemder and Semien, then Eritrea, and parts of Wello and Shewa provinces (Nickola 1988) , the prevalent system in the southern half of the country was the gult system, which was a private land tenure system. It was characterized by absentee owners, as it was the royal kinsmen or kinswomen who had the gult holdings (Hussein 2004) . The church land, also known as semon land, was owned by the church. During this era, however, women's land rights could be considered inferior to those of men, as independent land ownership by women was rarely recognized, except access to land through marriage or inheritance (Crummy 2000) .
The overthrow of the imperial regime in 1975 was also marked by a radical land reform, Proclamation No. 31 in 1975, by which all land was made the collective property of the Ethiopian people and an attendant measure that redistributed effective land use rights (Nickola 1988) . While the reform gave usufruct rights to practically all subsistence producers, it also put in place prohibition of land transfer rights through mortgages, leases, sales, or bequests, as well as hiring of labour on the farm (Kebede 2008) . Per the 1975 legislation, spouses enjoyed joint ownership of the land, implying that on paper men and women were entitled to the same land rights. However, women's rights to land depended on marriage and were, in most cases, not registered separately (Crewett et al. 2008) .
The replacement of the Derg regime, which was in power from 1975, by the Ethiopian People's Revolutionary Democratic Front in 1991, was also accompanied by the drafting of Article 40 of the Constitution (FDRE 1995) , which essentially replicates the previous regime's stance on state ownership of all land. Up to the present, the Constitution guarantees rights of access to land for peasants and pastoralists. It also specifies the rights of individuals to the improvements they make on land, including the right to bequeath, transfer, remove, as well as the right to claim compensation for improvements when the land right expires. However, the mechanisms that ensure these rights and other land issues are left to the regional states (Kebede 2008) . In addition, the ban on land market activity, previously in place, has been lifted, leading to the emergence of active land rental markets (Benin et al. 2005; Pender and Fafchamps 2005) . One of the most significant changes in the tenure system under the current regime is women's entitlement to land access land through village level redistribution and formal confirmation that land rights are to be granted to men and women (Gebreselassie 2005 ).
An additional major development in the land tenure system includes the land certification programme that has been going on since 1998. It covers four regions of the country: Tigrai, Amhara, Oromiya and SNNP. More than 5 million certificates have been delivered to farm households since the commencement of the programme (Bezabih and Holden 2010) . The programme is considered to be highly cost-effective and successful. In particular, the programme is believed to be relatively pro-poor (Deininger et al. 2008a ). Moreover, both poorer and less poor households have an equal chance of receiving land certificates and, in theory, increased the perception of tenure security for both men and women (Holden and Tefera 2008) .
The theoretical model
Consider a female landholder who has the option of tilling her plot or renting it out to a male tenant on a shared contract basis. If she chooses the former, she obtains an expected net benefit m plus a normally distributed stochastic margin of ε , where
σ . The stochastic term is an index capturing variation in productivity due to changes in environmental conditions (i.e. climate variability). Since the 1980s, both average and minimum temperatures in Ethiopia have increased by 0.2°C per decade. Although precipitation across the country has remained fairly constant within the period, its spatial variability has been high. The increasing temperature, high variance of precipitation, and extreme climatic events have negative effects on food security. The landholder's expected utility function is
( )
Ev m ε + , where E is the expectation operator and v signifies a utility function. On the other hand, if the plot is rented out, the female landholder obtains an additional net benefit 0 β ≥ but with the probability ( ) ( )
In addition, she incurs litigation cost assumed to be of the form
if the tenant attempts to seize the plot and she attempts to reclaim it. Furthermore, let the probability of successfully reclaiming the plot given that the female landholder fights be
Note that in the absence of the risk of losing the plot (i.e. 1 π = ) and the solution to the problem is simply a corner solution: all female landholders will put out their plots for rent. On the other hand, the solution becomes less trivial if there is a non-negligible risk of losing a rented out plot (i.e.
1, 0 π ∈
). In the subsequent subsections, we present a simple static (i.e. one period) model for the problem followed by an inter-temporal version which accounts for time discounting.
The one-period (static) problem
Suppose a female landholder contemplates renting out her plot to a male tenant for only one period and also decides a priori not to fight if the tenant seizes the plot at the end of the farming season. She will be indifferent between renting it out and farming it if Equation (1) holds:
Where the left-hand and right-hand sides are the expected indirect utility from own cultivation and from renting out the plot, respectively. A second and first-order Taylor expansion of the left-and right-hand sides, respectively, around m gives: (2) gives:
Equation (3) stipulates that the landholder will be indifferent between renting out the land and farming it if the extra benefit obtainable from renting it (i.e. β ) balances the value of the risk of losing the plot (i.e. the right-hand side). Conversely, she will rent out (not rent out) if the left-hand side is greater (lesser) than the right-hand side. Now suppose the female landholder decides to fight back. Equation (1) becomes:
Again the second-and first-order Taylor expansion of the left-hand side and right-hand side of Equation (4), respectively, around m is:
The corresponding equation to Equation (3) is:
Comparative static analysis
We investigate the effect of a change in climate variability, the risk of losing the plot and the probability of retaining the plot if the female landholder fights, the marginal cost of fighting to retain the plot, and risk preference (i.e. α , 2 ε σ , π , ρ , and θ ) on the renting-out decision. The following first-order derivatives are obtained: From the comparative statics, any parameter that is negatively related to β tilts the decision towards renting out the plot and vice versa. We discuss Equations (7a) through (7f) in turn. From Equation (7a), an increase in the marginal cost of litigation, all other things being equal, requires higher incentive (i.e. higher β ) in order to rent out the plot. Thus, high litigation cost is a disincentive for renting out. Second, higher risk of returns due to, say, climate variability (i.e. an increase in 2 ε σ ), increases the likelihood of renting out the plot. Furthermore, lower probability of losing the plot and higher probability of reclaiming the plot (given that the tenant decides to seize it), all else being equal, will increase the likelihood of renting it out. Finally, Equation (7f) stipulates that a high degree of risk aversion increases the likelihood of renting out. The importance of risk preferences in the decision to rent out land is also emphasized by other studies. Dubois (2002) , for example, argues that risk preferences are important factors in the determination of maintaining land fertility, and the landlord's subsequent decision in the choice of land contract.
4
Inter-temporal decision-making and the role of discounting
In this section, we investigate the impact of discounting on renting out decisions. For simplicity, but without compromising generality, assume a two-period decision-making process. Suppose the female landholder could farm her plot for two successive periods or rent it out and risk losing it. Furthermore, assume renting stops if the tenant attempts to seize the plot. Thus, the plot is rented out for the second period if and only if the tenant 'behaves well' in the first period. Let all future benefits and costs be discounted at the rate 0 r > . The female landholder is indifferent between renting out and farming the plot for the two periods if the following condition holds: 
The second-and first-order Taylor expansions of the left-hand side and right-hand side of Equation (8) 
Rearranging Equation (9) and solving for β gives: 
In addition to the signs of the comparative static analysis obtained earlier (i.e. Equation 7a through 7f), the first-order derivative of β with respect to the discount rate is: 
From Equation (11), all else being equal, female landholders who have higher discount rates are more likely to rent out their plots. This is intuitive since farmers with higher discount rates value future benefits less.
These results are illustrated empirically in the next section using data on smallholder female farmers in Ethiopia.
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Empirical model and data
To empirically validate our simple theoretical construct, the dependent variable is treated as a decision variable: rent out or not, and the sample is made up of only female landholders. The empirical model is specified as follows: 
Where i β is the decision variable, i υ is a logistically distributed error term, 1 0 a > , 2 0 a > , 3 0 a < , and 4 0 a < . Equation (12) is estimated as a simple Logit regression. Below we present the data and discuss the variables used to proxy from those in Equation (12).
Data
The data used for the empirical analysis was collected in 2005 from households in two districts of the Amhara National Regional State, a region that encompasses part of the Northern and Central Highlands of Ethiopia. The East Gojjam Zone is a fertile plateau receiving good average rainfall while the South Wollo zone is characterized by degraded hillside plots receiving lower and highly erratic rainfalls. The sample size is 733 female-headed households. 
the variables used in the regression analysis and the descriptive statistics. The data consists of socioeconomic characteristics of the respondents and physical characteristics of plots. From Table  1 the dependent variable 'renting out' indicates 17.6 per cent of the females rented out their plots.
The variable 'risk preference' (i.e. i θ ) is generated from a choice experiment consisting of six choice sets (see Appendix Table 1 ). Each choice set consists of hypothetical gain and loss of 50 per cent probability each from a given farm. The hypothetical farm could make gains and losses ranging from Ethiopian Birr (ETB) 0 to 400, with the specific values chosen to reflect the farmers' annual incomes. 5 Accordingly, ETB 0 represent extreme risk aversion while gains and losses of ETB 200 represent neutral risk preferences, with the rest of the risk aversion categories ranging between these two extremes. The mean value is ETB 5.05 with a relatively low standard deviation of 1.15.
Following the procedure in Yesuf and Bluffstone (2009) , an experiment was set up to elicit the rate of time preference (i.e. i r ). Each respondent was presented with the choice of receiving a given amount of money on a given day (a more immediate, smaller payment) or an alternative amount one year later (a higher amount) (see Appendix Table 2 ). The choice sets were arranged in such a way that the difference between the present and future amounts was randomly sequenced. All choice sets offered choices between ETB 50 to be received today and an amount ranging between ETB 65 and ETB 195 to be received in one year. The choice set with the largest difference was given by an early reward of ETB 50 and a later reward of ETB 195. A switch from the choice of an early reward to a choice of delayed reward provides a measure of the rate of time preference for each respondent. The instantaneous individual discount rate is computed as
where 2 ψ is the amount provided after 12 months, and 1 ψ is the amount provided instantaneously.
The computed average rate of time preference is 109.8, which is high but close to the median value obtained by Yesuf and Bluffstone (2009) but lower than the mean value of 131 obtained among artisanal fishers in Ghana (Akpalu 2008) . The stochastic component of yield or earnings (i.e.
2 i σ ) is attributable to climate variability. This is represented mainly by rainfall in the summer and major rainy seasons. The average and long-term summer rainfalls are 128 mm and 179 mm, with standard deviations of 40 and 43, respectively. 8 The tenure security or probability of retaining rented out plot (i.e. i π ) is proxied by the number of female farmers who experienced conflicts in the past, and whether the respondent expected any change(s) in her landholdings resulting from land redistribution. Approximately 21 per cent of the respondents had experienced land-related conflicts and 36 per cent expected their landholdings to change. Also, the number of household adult males per hectare of landholdings is used as a proxy for the probability of winning the land back if the tenant attempts to confiscate it (i.e. i ρ ). On average, there were two adults to each hectare. Secure property rights are considered an important catalyst for leasing-out decisions, the argument being that landlords can only be confident of leasing out land if the benefits of renting out land -in terms of increased productivity -are larger than the risk of expropriation (Gebreselassie 2005; Ghebru and Holden 2008; Lunduka et al. 2008 ).
Furthermore, average yield potential or productivity of plots (i.e. i m ) is represented by physical characteristics of the plot, which include plot fertility, plot slope, soil colour, and the number of livestock per hectare of the plot. The soil types identified are white, black, and red; and each hectare of plot has five livestock on the average but with a high standard deviation, which is about six times the mean.
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Results and discussion
As noted earlier, the empirical equation estimated is a simple Logit regression with the decision to rent out or not as the dependent variable. Table 2 contains the regression results presented as Equation (1) and (2). The partial average elasticities (PAEs) are calculated using the 'margeff' routine in Stata 12. The likelihood ratio tests indicate each of the two regression lines is a good fit (P<0.001), and the pseudo R-squared of 0.11 implies about 11 per cent of the variability of the logarithm of the odd ratio has been explained by each regression line, which is expected for a cross-sectional data of this nature.
The coefficient of the variable 'Risk preference' is statistically significant at 1 per cent level and positively related to renting-out decisions, as predicted by the theoretical model. The corresponding PAE indicates that, all else being equal, the probability of renting out increases by 0.043 if the risk preference increases by one unit. This finding lends support to a recent study which found that a high degree of risk aversion is associated with shorter contract durations in Ethiopia (Beyene et al. 2012) .
Second, although the soil characteristics do not appear to influence renting-out decisions, the number of livestock per hectare does, with a coefficient that is significant at 1 per cent level. The coefficient has the expected sign and indicates that increasing the number of livestock by one unit decreases the probability of renting out by 0.026. Thus, an increase in livestock is expected to increase yield and thereby discourage the farmer from renting out her plot.
Third, farmers who expected their landholdings to change are less likely to rent out, with the coefficient of the variable being significant at 5 per cent level. This is consistent with the theoretical prediction. The PAE indicates that those who expect such changes are 0.08 per cent less likely to rent out their plots. Fourth, climate variability, which is captured by summer rainfall, increases the probability to rent out, albeit weakly. From the coefficient, for example, a 10 mm increase in the average summer rainfall increases the probability of renting out by 0.001. Furthermore, households with older heads are more inclined to rent out plots. This appears to suggest that older household heads obtain lower average earnings when they cultivate the plot themselves. Specifically, from the PAE, a household head who is 10 years older than her counterpart will have 0.03 higher probability of renting out her plot. It is noteworthy that the average age is quite high (52 years), since the life expectancy for females in Ethiopia is 62 years.
Surprisingly, the rate of time preference variable obtained through the experiment is not statistically significant in explaining renting-out decisions. With poor functioning formal rural credit markets in many developing countries (Stiglitz and Weiss 1981) it is expected that farmers with very high personal discount rates will be more likely to rent out their plots. Perhaps the variable is not statistically significant because the rates are generally high for all farmers with low variance. Finally, there is no significant difference in renting-out decisions between households that have experienced land-related conflict in the past (conflict) and their counterparts who have not.
Conclusions
Tenure insecurity remains a major issue among female landholders in Ethiopia and elsewhere in Sub-Saharan Africa. Land reform programmes that explicitly aimed at enhancing women's land rights are desirable as women contribute about half of the labour force in agriculture on the continent. Thus, minimising the complex set of constraints inhibiting land use and transfer rights among women will improve land productivity, reduce poverty and gender inequality, and enhance economic growth. Since males farm their plots much more intensively than their female counterparts, the female landholders could rent out their plots to male tenants for higher returns but then incur risk of losing their land. This research has found that, in theory, female landholders will be less likely to rent out their plots if the risk of losing a plot is high, land productivity is high, marginal cost of litigation is high, variability in climate is low, and the absolute risk aversion is low. In addition, in an inter-temporal setting, farmers who are impatient or uncertain about the future are more likely to rent out their plots, all else being equal.
The empirical results of this study based on data on female landholders from Ethiopia largely support the theoretical predictions. Thus, in addition to improving tenure security, any policy that influences these variables could impact crop yield on female-owned plots. For example, reducing the cost of farm land adjudication will make it easier for landholders to rent out their plots resulting in a yield increase. Although discount rates elicited through an experiment were not significant, females who were relatively older were more likely to rent out their plots as they are more likely to care less about the future or more likely to desire bigger gains now from renting their plots out. Since the older females are also more likely to lose their plots, public policy must be designed to protect them.
In a nutshell, improving tenure security for female landholders would obviously enhance their engagement in the land rental market and enhance their welfare through increased productivity.
